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(57) ABSTRACT

An apparatus and a method for determining a driving state
are provided. The apparatus includes a jerk calculator con-
figured to determine a minimum prediction jerk generated in
an interval until an ego vehicle arrives at a location of a
preceding vehicle, using location, velocity, and acceleration
information of the ego vehicle at a current time and location,
velocity, and acceleration information of the preceding
vehicle and determine a permission jerk of a driver of the
ego vehicle, a determiner configured to determine whether
the minimum prediction jerk is greater than the permission
jerk of the driver and determine a careless driving state
based on a driving operation state of the driver when the
minimum prediction jerk is greater than the permission jerk
of the driver, and a signal processor configured to output an
alert when it is determined as the careless driving state.
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1
APPARATUS AND METHOD FOR
DETERMINING DRIVING STATE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is based on and claims the benefit
of priority to Korean Patent Application No. 10-2016-
0149060, filed on Nov. 9, 2016, in the Korean Intellectual
Property Office, the entire contents of which is incorporated
herein for all purposes by this reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to apparatuses and methods
for determining driving states.

Description of Related Art

A jerk may be a vector of specifying a time change rate
of acceleration and may be represented as a third derivative
about a displacement time. The jerk may indicate a vibration
phenomenon in a forward and backward direction of a
vehicle, which occurs in a sudden acceleration or transmis-
sion stage of a vehicle. Recently, the jerk is used as an index
of evaluating a momentary ride comfort of a driver.

The driver performs a driving operation such that a jerk is
not generated within an exemplary or permitted range upon
sudden acceleration or transmission. However, the exem-
plary or permitted range of the jerk during driving varies for
each driver.

Meanwhile, a collision control system of a vehicle deter-
mines time predicted to collide with a preceding time and
may perform collision avoiding control based on the deter-
mined time. However, since conventional collision avoiding
control does not consider a jerk of a driver, any driver may
feel threatened greatly. Such threat may have an influence on
ride comfort of the driver.

The information disclosed in this Background of the
Invention section is only for enhancement of understanding
of'the general background of the invention and should not be
taken as an acknowledgement or any form of suggestion that
this information forms the prior art already known to a
person skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing an apparatus and method for determining a driv-
ing state to determine a careless driving state based on
whether there is a driving operation when a minimum
prediction jerk predicted in a specific interval is greater than
a permission jerk of a driver, without a separate sensor
which detects a state of the driver.

Another aspect of the present invention provides an
apparatus and method for determining a driving state to
control collision by reflecting a jerk a driver feels.

The technical problems to be solved by the present
inventive concept are not limited to the aforementioned
problems, and any other technical problems not mentioned
herein will be clearly understood from the following
description by those skilled in the art to which the present
invention pertains.

According to various aspects of the present invention, an
apparatus may include: a jerk calculator configured to deter-
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2

mine a minimum prediction jerk generated in an interval
until a ego vehicle arrives at a location of a preceding
vehicle, using location, velocity, and acceleration informa-
tion of the ego vehicle at a current time and location,
velocity, and acceleration information of the preceding
vehicle and determine a permission jerk of a driver of the
ego vehicle, a determiner configured to determine whether
the minimum prediction jerk determined in the interval is
greater than the permission jerk of the driver and determine
a careless driving state based on a driving operation state of
the driver when the minimum prediction jerk is greater than
the permission jerk of the driver, and a signal processor
configured to output an alert when it is determined as the
careless driving state by the determiner.

According to another aspect of the present invention, an
apparatus may include: a jerk calculator configured to deter-
mine a minimum prediction jerk generated in an interval
until a ego vehicle arrives at a location of a preceding
vehicle, using location, velocity, and acceleration informa-
tion of the ego vehicle at a current time and location,
velocity, and acceleration information of the preceding
vehicle and determine a permission jerk of a driver of the
ego vehicle, a determiner configured to determine whether
the minimum prediction jerk determined in the interval is
greater than the permission jerk of the driver and determine
a careless driving state based on a driving operation state of
the driver when the minimum prediction jerk is greater than
the permission jerk of the driver, and a signal processor
configured to output an alert when it is determined as the
careless driving state and transmit a message including
information about the careless driving state to a collision
control system in the ego vehicle.

According to another aspect of the present invention, a
method may include: obtaining location, velocity, and accel-
eration information of a ego vehicle at a current time and
location, velocity, and acceleration information of a preced-
ing vehicle, determining a minimum prediction jerk gener-
ated in an interval until the ego vehicle arrives at a location
of the preceding vehicle, using the location, velocity, and
acceleration information of the ego vehicle at the current
time and the location, velocity, and acceleration information
of the preceding vehicle and determining a permission jerk
of a driver of the ego vehicle, determining whether the
minimum prediction jerk determined in the interval is
greater than the permission jerk of the driver and determine
a careless driving state based on a driving operation state of
the driver when the minimum prediction jerk is greater than
the permission jerk of the driver, and outputting an alert,
when it is determined as the careless driving state.

The methods and apparatuses of the present invention
have other features and advantages which will be apparent
from or are set forth in more detail in the accompanying
drawings, which are incorporated herein, and the following
Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing illustrating a vehicle to which a
driving state determining apparatus is applied, according to
an exemplary embodiment of the present invention;

FIG. 2 is a block diagram illustrating a configuration of a
driving state determining apparatus according to an exem-
plary embodiment of the present invention;
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FIG. 3, FIG. 4A, and FIG. 4B are drawings illustrating an
operation of determining a jerk at a driving state determining
apparatus according to an exemplary embodiment of the
present invention;

FIG. 5 and FIG. 6 are drawings illustrating an operation
of a driving state determining method according to an
exemplary embodiment of the present invention; and

FIG. 7 is a block diagram illustrating a configuration of a
computing system in which a driving state determining
method is executed, according to an exemplary embodiment
of the present invention.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various features illustrative of the basic
principles of the invention. The specific design features of
the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
the present description is not intended to limit the
invention(s) to those exemplary embodiments. On the con-
trary, the invention(s) is intended to cover not only the
exemplary embodiments, but also various alternatives,
modifications, equivalents and other embodiments, which
may be included within the spirit and scope of the invention
as defined by the appended claims.

In describing elements of embodiments of the present
invention, the terms 1%, 2%, first, second, A, B, (a), (b), and
the like may be used herein. These terms are only used to
distinguish one element from another element, but do not
limit the corresponding elements irrespective of the nature,
turn, or order of the corresponding elements. Unless other-
wise defined, all terms used herein, including technical or
scientific terms, have the same meanings as those generally
understood by those skilled in the art to which the present
invention pertains. Such terms as those defined in a gener-
ally used dictionary are to be interpreted as having meanings
equal to the contextual meanings in the relevant field of art,
and are not to be interpreted as having ideal or excessively
formal meanings unless clearly defined as having such in the
present application.

FIG. 1 is a drawing illustrating a vehicle to which a
driving state determining apparatus is applied, according to
an exemplary embodiment of the present invention.

Referring to FIG. 1, a driving state determining apparatus
100 according to an exemplary embodiment of the present
invention may determine a minimum prediction jerk gener-
ated in an interval until a ego vehicle 10 arrives at a location
of a preceding vehicle 20, using a location x,, a velocity v,,
and an acceleration a, of the preceding vehicle 20 at a current
time and a location x,, a velocity y,, and an acceleration a,
of the ego vehicle 20 at the current time, and may verify a
careless driving state based on whether the determined
minimum prediction jerk is within a range of a permission
jerk permitted by the driver of the ego vehicle 10, thus
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controlling an alert and/or collision avoiding control accord-
ing to the careless driving state.

The driving state determining apparatus 100 according to
an exemplary embodiment of the present invention may be
implemented in a vehicle. In the instant case, the driving
state determining apparatus 100 may be integrated with
control units in the vehicle. Alternatively, the driving state
determining apparatus 100 may be implemented to be inde-
pendent of the control units in the vehicle and may be
connected to the control units of the vehicle by a separate
connection means. Herein, the driving state determining
apparatus 100 may operate in conjunction with a drive
system, a steering system, an acceleration/deceleration sys-
tem, and the like of the vehicle.

Therefore, a description will be given in detail of detailed
components of the driving state determining apparatus 100
with reference to FIG. 2.

FIG. 2 is a block diagram illustrating a configuration of a
driving state determining apparatus according to an exem-
plary embodiment of the present invention. Referring to
FIG. 2, a driving state determining apparatus 100 may
include a controller 110, an interface 120, a sensor 130, a
communicator 140, a storage 150, a jerk calculator 160, a
determiner 170, and a signal processor 180. Herein, the
controller 110 may process a signal transmitted between the
components of the driving state determining apparatus 100.

First of all, the interface 120 may include an input means
for receiving a control instruction from a user and an output
means for outputting an operation state, an operation result,
and the like of the driving state determining apparatus 100.

Herein, the input means may include a key button and
may further include a mouse, a joystick, a jog shuttle, a
stylus pen, and the like. Also, the input means may include
a soft key implemented on a display of the driving state
determining apparatus 100.

The output means may include the display and may
further include a voice output means including a speaker. In
the instant case, when a touch sensor including a touch film,
a touch sheet, or a touch pad is disposed in the display, the
display may operate as a touch screen and may be imple-
mented in a form of integrating the input means with the
output means.

In the instant case, the display may include at least one of
a liquid crystal display (LCD), a thin film transistor-LCD
(TFT-LCD), an organic light-emitting diode (OLED), a
flexible display, a field emission display (FED), and a
three-dimensional (3D) display.

In addition, the output means may further include a
speaker for outputting a warning sound, a light emitting
diode (LED), and/or a buzzer.

The sensor 130 may include one or more sensors which
detect an obstacle located around a vehicle, for example, a
preceding vehicle 20 of FIG. 1, located in front of the
vehicle and measure a distance between the vehicle and the
obstacle. For example, the sensor 130 may include an
ultrasonic sensor, a scanner, a camera, and the like. Of
course, in addition, the sensor 130 may include any sensor
which detects an obstacle and measures a distance.

Meanwhile, the sensor 130 may further include a sensor
which measures a velocity and/or acceleration of the vehicle.

The communicator 130 may include a communication
module for supporting a communication interface with elec-
tronics and/or control units mounted on the vehicle. For
example, the communication module may include a module
for supporting vehicle network communication including a
controller area network (CAN), local interconnect network
(LIN) communication, and flex-ray communication.
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Further, the communicator 130 may include a module for
wireless Internet access or a communication module for
short range communication. Herein, wireless Internet tech-
nologies may include a wireless local area network
(WLAN), wireless broadband (Wibro), wireless-fidelity
(Wi-Fi), world interoperability for microwave access (Wi-
max), and the like. Short range communication technologies
may include Bluetooth, ZigBee, ultra wideband (UWB),
radio frequency identification (RFID), infrared data associa-
tion (IrDA), and the like.

Thus, the communicator 140 may perform vehicle-to-
vehicle (V2V) communication with another vehicle located
around the vehicle, for example, a preceding vehicle 20. In
the instant case, the communicator 140 may receive infor-
mation about the preceding vehicle 20 through V2V com-
munication with the preceding vehicle 20, for example,
location, velocity, and acceleration information of the pre-
ceding vehicle 20. The communicator 140 may store the
information of the preceding vehicle 20, received through
the V2V communication with the preceding vehicle 20, in
the storage 150.

The storage 150 may store data and/or an algorithm, and
the like necessary for an operation of the driving state
determining apparatus 100.

The storage 150 may store information of the preceding
vehicle 20, obtained via the sensor 130 and/or the commu-
nicator 140 and may store information of a ego vehicle 10
of FIG. 1. For example, the storage 150 may store location,
velocity, and acceleration information of the ego vehicle 10
and location, velocity, and acceleration information of the
preceding vehicle 20.

Also, the storage 150 may store an algorithm used for the
driving state determining state 100 to determine a prediction
jerk in an interval between the preceding vehicle 20 and the
ego vehicle 10 and determine a permission jerk of a driver
of the ego vehicle 10. Also, the storage 150 may store
condition information for determining a careless state of the
driver and may store an instruction to control a vehicle in the
careless state.

Herein, the storage 150 may include storage media
including a random access memory (RAM), a static RAM
(SRAM), a read-only memory (ROM), a programmable
ROM (PROM), and an electrically erasable PROM (EE-
PROM).

The jerk calculator 160 may determine a minimum pre-
diction jerk in an interval between the ego vehicle 10 and the
preceding vehicle 20 using location, velocity, acceleration,
and time information of the ego vehicle 10 and location,
velocity, acceleration, and time information of the preceding
vehicle 20.

For example, as shown in FIG. 3, the jerk calculator 160
may determine a minimum prediction jerk in an interval
between the ego vehicle 10 and the preceding vehicle 20
using a location x,, a velocity y,, and an acceleration a, of
the ego vehicle 10 at a current time and a location x,, a
velocity v,, and an acceleration a, of the preceding vehicle 20
at the same time as the current time.

Herein, the jerk may be a vector of specifying a time
change rate of acceleration and may be represented as a third
derivative about a displacement time. For example, the jerk
may be represented as a value in which acceleration in a
corresponding interval when the ego vehicle 10 departs at a
start time and stops at an end time is differentiated. Herein,
the end time may refer to a time when the ego vehicle 10 is
stopped immediately before colliding with the preceding
vehicle 20 when the ego vehicle 10 arrives at a location of
the preceding vehicle 20.
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In the instant case, a movement condition of the ego
vehicle 10 for the minimum prediction jerk may be repre-
sented as Equation 1.

[Equation 1]

x(1) = ZS: akil‘

k=0

In Equation 1, x(t) may denote a location of the ego
vehicle 10 at a time t, t may denote a time, and a, may denote
any coefficient.

Assuming that a time in a current location of the ego
vehicle 10, that is, a start time is “0” and that a time
immediately before the ego vehicle 10 collides with the
preceding vehicle 20, that is, an end time is “T”, x(0) may
represent a location of the ego vehicle 10 at the start time,
that is, a current location (hereinafter referred to as “first
location”) and x(T) may represent a location (hereinafter
referred to as “second location) of the ego vehicle 10 at the
end time T. Herein, since x(0) is a location of the start time
of the ego vehicle 10, it may be “0”.

Further, a velocity (hereinafter referred to as “first veloc-
ity”) of the ego vehicle 10 at the start time (t=0) may be
represented as x'(0). An acceleration (hereinafter referred to
as “first acceleration™) of the ego vehicle 10 at the start point
(t=0) may be represented as x"(0). A velocity (hereinafter
referred to as “second velocity”) of the ego vehicle 10 at the
end time (t=T) may be represented as x'(T). An acceleration
(hereinafter referred to as “second acceleration™) of the ego
vehicle 10 at the end time (t=T) may be represented as x"(T).

Herein, an exemplary embodiment of the present inven-
tion may determine a minimum jerk in a condition where a
vehicle is stopped when arriving at an end time from a start
time. Thus, since the vehicle is in a state where it is stopped
at the end time, the second velocity x'(T) and the second
acceleration x"(T) have a value of “0”.

The jerk calculator 160 may derive “a0=x(0)” by applying
“t=0"to x(t) of Equation 1. Also, the jerk calculator 160 may
derive “al=x'(0)" by applying “t=0" to x'(t) on which
Equation 1 is differentiated. Also the jerk calculator 160 may
derive “a2=x"(0)/2” by applying “t=0" to “x"(t)” in X'(t) is
differentiated.

Meanwhile, the jerk calculator 160 may derive Equations
2 to 4 by applying “t=T" to x(t), x'(t), and x"(t) of Equation
1.

X(D=agra, T+asTP+a3 TP +a, TrvasT? [Equation 2]
X(D)=a,+2a,T+3a;T%+4a,TP+5a5T*=0 [Equation 3]
X (T =2ax+6a;T+12a,T2+20asT3=0 [Equation 4]

Herein, when Equations 2 to 4 are disposed as determi-
nants, the determinants may be represented as Equations 5
and 6 below. In the instant case, the jerk calculator 160 may
derive as, a,, and a5 of Equation 1 above from Equation 6
below.

D) —ay—ayT—apT? ™ ™ T as [Equation 5]
(N -a -2a,T |=|3T% 41% 5T* a4]
(1) - 2a 6T 121 2073 |Las
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-continued
a /A A SR X(T)—ay — ay T — a,T? [Equation 6]
\a4 ] =|3r? 41 st ¥ (T)—a —2a:T
as 6T 1277 207° X'(T)—2a,

Meanwhile, when the ego vehicle 10 is stopped at a time
immediately before it collides with the preceding vehicle 20,
that is, at an end time, the preceding vehicle 20 may be in
a driving state or a stop state.

If the preceding vehicle 20 is in the driving state at the end
time, assuming that the preceding vehicle 20 maintains a
movement state of a start time, a velocity v, and acceleration

10

dv, — 10v; +2+/25vF — 200y, +4v2 = S0ax, + Sa,x,

8

a,, a;, a,, and a5 calculated above to Equation 1 and
differentiating x(t) of Equation 1 three times.

X"(H)=6a3+24a,1+60ast> [Equation 12]

Herein, since the ego vehicle 10 is stopped at the end time,
a jerk of the end time may be “0”. Thus, the jerk calculator
160 may determine a time when x"'(y) is 0 in Equation 12,
that is, an end time T.

Assuming that the preceding vehicle 20 is in a driving
state at the end time, when it is disposed that Equation 12 is
T using Equation 7 indicating the second location x(T) of the
ego vehicle 10, an end time T,,_,, when the ego vehicle 10 is
stopped may be represented as Equations 13 and 14 below.

[Equation 13]

Tov =

4v, — 10w — 2/ 25V — 20vyv, + 412 — S0ax, + Sa,x,

10a; — a,

[Equation 14]

Tov =

a, of the preceding vehicle 20 may be “v,4+a,T>0". In this
case, if a location x,, velocity v, and acceleration a, of the
preceding vehicle 20, obtained at the start time, are applied
to Equation 2, a second location of the ego vehicle 10 may
be represented as Equation 7 below.

X Ty=xpv,T+Yoa/ T2 [Equation 7]

Meanwhile, if the preceding vehicle 20 is in the stop state
at the end time, assuming that the preceding vehicle 20
maintains the movement state of the start time, the velocity
v, and acceleration a, of the preceding vehicle 20 may be
“v+a;1<0”. In this case, if a location x,, velocity v,, and
acceleration a, of the preceding vehicle 20, obtained at the
start time, are applied to Equation 2, the second location of
the ego vehicle 10 may be represented as Equation 8 below.

vi
x(T) =x; _(Z_a,]

As described above, assuming that “a,=x(0)=0", “a,~x'
(0)7, “a,=x"(0)/2”, “x'(T)=0", and “x"(T)=0" in a determi-
nant of Equation 6, that the first velocity x'(0) is v, and that
the first acceleration x"(0) is a,, the jerk calculator 160 may
derive values of a;, a,, and a5 of Equation 1 as Equations 9
to 11 below by applying the second location x(T) of the ego
vehicle 10, calculated from Equation 7, to the determinant of
Equation 6.

[Equation 8]

20x; + (=12v, + 20v)T + (=3a, + 10a)T" [Equation 9]

273

as

_ 30x+ (=16v, +30v)T + (=3a, + 15a)T* [Equation 10]

= 27

12 + (=6v, + 12T + (—a, + 6a)T? [Equation 11]

273

as

The jerk calculator 160 may calculate x™ (t), in which x(t)
of Equation 1 is differentiated three times, as a jerk. There-
fore, the jerk calculator 160 may derive a jerk calculation
formula as Equation 12 below by applying values of a,, a,,
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Meanwhile, assuming that the preceding vehicle 20 is in
a stop state at the end time, when it is disposed that Equation
12 is T using Equation 8 indicating the second location x(T)
of'the ego vehicle 10, an end time T, ,, when the ego vehicle

10 is stopped may be represented as Equations 15 and 16
below.

—dayv, + \/1651,2 v2 4+ 20a,x;a? — 10a,av? [Equation 15]

Qe

Txrop =

—4av, — \/1651,2 v2 +20a,xa7 — 10a,av7 [Equation 16]

Qe

Txrop =

Herein, the jerk calculator 160 may determine T,,,,,
which is shorter than a stop time —(v,/a;) of the preceding
vehicle 20 between T,,,,, of Equation 13 and T,,,, of Equa-
tion 14, as an end time T. If both of T,,,, of Equation 13 and
T,,.. of Equation 14 are longer than the stop time —(v//a;) of
the preceding vehicle 20, the jerk calculator 160 may
determine T,,,,,, which has a positive number and is shorter
between T,,,,, of Equation 15 and T, of Equation 16, as the
end time T.

If the end time T is determined through the above-
mentioned process, the jerk calculator 160 may calculate the
sum of squares of a jerk x""'(t) in an interval between the start
time and the determined end time T as a minimum prediction
jerk.

Meanwhile, the jerk calculator 160 may determine a
permission jerk of the driver. Since the permission jerk of
the driver differs for each driver, the jerk calculator 160 may
determine a permission jerk for each driver.

In the instant case, the jerk calculator 160 may determine
a permission jerk of the driver using an increasing velocity
distribution of master cylinder pressure (MCP) when a
prediction jerk is “0” and if the driver puts on a brake of the
ego vehicle 10. For example, the increasing velocity distri-
bution of the MCP when the driver puts on the brake of the
ego vehicle 10 in a state where the prediction jerk is 0 may
be represented as FIG. 4A.

As shown in reference numeral 411 of FIG. 4A, it may be
known that the driver does not feel threatened in an interval
where the increasing velocity distribution of the MCP is 0 to
15 [bar/s].

stop
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FIG. 4B illustrates a prediction jerk according to an
increasing velocity of MCP. Reference numeral 431 in FIG.
4B indicates a permission jerk of the driver. For example,
2.2 [m/s®] may be a permission jerk of the corresponding
driver. Herein, when a value of the jerk is larger, threat the
driver feels may be more increased.

As shown in reference numeral 433 of FIG. 4B, when a
minimum prediction jerk between the start time and the end
time determined above is less than or equal to the permission
jerk of the driver, there may be a state where the driver does
not feel threatened. As shown in reference numeral 435 of
FIG. 4B, when the minimum prediction jerk is greater than
the permission jerk of the driver, there may be a state where
the driver feels threatened.

Thus, the determiner 170 may determine whether the
minimum prediction jerk between the start time and the end
time is greater than the permission jerk of the driver. When
the minimum prediction jerk between the start time and the
end time is greater than the permission jerk of the driver, the
determiner 170 may determine a driving operation state by
the driver.

When the minimum prediction jerk between the start time
and the end time is greater than the permission jerk of the
driver and when the determiner 170 does not detect a
separate driving operation by the driver, it may determine a
current driving state as a careless driving state.

For example, when an accelerator pedal is pressed to be
greater than 20% in a state where the minimum prediction
jerk is greater than the permission jerk of the driver, when
velocity at which the accelerator pedal is pressed is greater
than 100%/second, when MCP is greater than 5 [bar/s],
when an absolute value of a steering angle is kept 5 degrees
or more, or when a steering angle speed is kept 20 degrees
per second, the determiner 170 may determine the current
driving state as the careless driving state.

Thus, when the current driving state is determined as the
careless driving state by the determiner 170, the signal
processor 180 may output an alert via a display, a speaker,
a light emitting diode (LED), a buzzer, or the like of the
interface 120.

Also, after outputting the alert, the signal processor 180
may transmit an instruction to a driving device of the ego
vehicle 10 to perform collision avoiding control. Alterna-
tively, the signal processor 180 may transmit a message of
providing notification of a careless driving state to a colli-
sion control system connected via the communicator 140.

A description will be given in detail of an operation of the
driving state determining apparatus 100 according to an
exemplary embodiment of the present invention.

FIG. 5 is a drawing illustrating an operation of a driving
state determining method according to an exemplary
embodiment of the present invention.

Referring to FIG. 5, in operation S110, a driving state
determining apparatus 100 may verify information of a
preceding vehicle 20 of FIG. 3, for example, location,
velocity, and acceleration information based on a location of
a ego vehicle 10 of FIG. 3 relative to a current time. In
operation S110, the driving state determining apparatus 100
may obtain the information of the preceding vehicle 20
using a distance sensor or may receive the information of the
preceding vehicle 20 through V2V communication with the
preceding vehicle 20.

In operation S120, the driving state determining apparatus
100 may determine an end time when the ego vehicle 10 is
stopped before colliding with the preceding vehicle 20
relative to a location of the preceding vehicle 20, using a
location, velocity, and acceleration of the ego vehicle 10 at
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the current time and a location, velocity, and acceleration of
the preceding vehicle 20 at the same time as the current time.
When the current time is a start time, in operation S130, the
driving state determining apparatus 100 may determine a
minimum prediction jerk of the ego vehicle 10 in an interval
between the start time and the end time determined in
operation S120.

An exemplary embodiment of determining the end time
and the minimum prediction jerk of the ego vehicle 10 may
refer to Equations 1 to 16.

In operation S140, the driving state determining apparatus
100 may determine a permission jerk of a driver of the ego
vehicle 10. In operation S140, the permission jerk of the
driver may be determined using an increasing velocity
distribution of MCP when a prediction jerk is “0” and if the
driver puts on a brake of the ego vehicle 10.

In operation S150, the driving state determining apparatus
100 may compare the minimum prediction jerk determined
in operation S130 with the permission jerk of the driver,
determined in operation S140. When the minimum predic-
tion jerk is greater than the permission jerk in operation
S150, in operation S160, the driving state determining
apparatus 100 may determine whether there is a separate
driving operation by the driver.

When the minimum prediction jerk is greater than the
permission jerk and when there is no separate driving
operation from the driver in operation S160, in operation
S170, the driving state determining apparatus 100 may
determine that a current driving state is a careless driving
state and may output an alert.

Meanwhile, when the minimum prediction jerk is less
than the permission jerk of the driver or when it is deter-
mined there is the separate driving operation by the driver in
operation S160, the driving state determining apparatus 100
may determine that the current driving state is not the
careless driving state and may perform the operation from
operation S110.

Meanwhile, as shown in FIG. 6, after outputting an alert
in operation S270, in operation S280, the driving state
determining apparatus 100 may transmit a careless driving
state information message to a collision control system of a
vehicle.

Since operations S210 to S270 shown in FIG. 6 are the
same as operations S110 to S170 shown in FIG. 5, an
overlapped description for operations S210 to S270 will be
omitted.

The driving state determining apparatus 100 according to
an exemplary embodiment may be implemented in a form of
an independent hardware device and may be driven in a form
of being included in another hardware device including a
micro-processor or a general purpose computer system as at
least one or more processors.

FIG. 7 is a block diagram illustrating a configuration of a
computing system in which a driving state determining
method is executed, according to an exemplary embodiment
of the present invention.

Referring to FIG. 7, a computing system 1000 may
include at least one processor 1100, a memory 1300, a user
interface input device 1400, a user interface output device
1500, a storage 1600, and a network interface 1700, which
are connected to each other via a bus 1200.

The processor 1100 may be a central processor (CPU) or
a semiconductor device for processing instructions stored in
the memory 1300 and/or the storage 1600. Each of the
memory 1300 and the storage 1600 may include various
types of volatile or non-volatile storage media. For example,
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the memory 1300 may include a read only memory (ROM)
and a random access memory (RAM).

Thus, the operations of the methods or algorithms
described in connection with the embodiments included in
the specification may be directly implemented with a hard-
ware module, a software module, or combinations thereof,
executed by the processor 1100. The software module may
reside on a storage medium (e.g., the memory 1300 and/or
the storage 1600) including a RAM, a flash memory, a
ROM, an erasable and programmable ROM (EPROM), an
electrically EPROM (EEPROM), a register, a hard disc, a
removable disc, or a compact disc-ROM (CD-ROM). An
exemplary storage medium may be coupled to the processor
1100. The processor 1100 may read out information from the
storage medium and may write information in the storage
medium. Alternatively, the storage medium may be inte-
grated with the processor 1100. The processor and the
storage medium may reside in an application specific inte-
grated circuit (ASIC). The ASIC may reside in a user
terminal. Alternatively, the processor and the storage
medium may reside as a separate component of the user
terminal.

According to various embodiments, the driving state
determining apparatus may determine a careless driving
state based on whether there is a driving operation when a
minimum prediction jerk predicted in a specific interval is
greater than a permission jerk of a driver, without a separate
sensor which detects a state of the driver. The driving state
determining apparatus may control collision by reflecting a
jerk a driver feels.

For convenience in explanation and accurate definition in
the appended claims, the terms “upper”, “lower”, “internal”,
“outer”, ‘“up”, “down”, “upper”, “lower”, “upwards”,
“downwards”, “front”, “rear”, “back”, “inside”, “outside”,
“inwardly”, “outwardly”, “internal”, “external”, “internal”,
“outer”, “forwards”, and “backwards” are used to describe
features of the exemplary embodiments with reference to the
positions of such features as displayed in the figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teachings.
The exemplary embodiments were chosen and described to
explain certain principles of the invention and their practical
application, to enable others skilled in the art to make and
utilize various exemplary embodiments of the present inven-
tion, as well as various alternatives and modifications
thereof. It is intended that the scope of the invention be
defined by the Claims appended hereto and their equiva-
lents.

What is claimed is:

1. An apparatus for determining a driving state, the
apparatus comprising:

a jerk calculator configured to determine a minimum
prediction jerk generated in an interval until an ego
vehicle arrives at a location of a preceding vehicle,
using location, velocity, and acceleration information
of the ego vehicle at a current time and location,
velocity, and acceleration information of the preceding
vehicle and determine a permission jerk of a driver of
the ego vehicle;

a determiner configured to determine whether the mini-
mum prediction jerk determined in the interval is
greater than the permission jerk of the driver and
determine a careless driving state based on a driving
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operation state of the driver when the minimum pre-
diction jerk is greater than the permission jerk of the
driver; and
a signal processor configured to output an alert when it is
determined as the careless driving state by the deter-
miner.
2. The apparatus of claim 1, wherein the jerk calculator is
configured to:
define the current time as a start time;
define a time when the ego vehicle is configured to be
stopped before colliding with the preceding vehicle as
an end time; and
determine a prediction jerk at each of the start time and
the end time in an interval between the start time and
the end time.
3. The apparatus of claim 2, wherein the jerk calculator is
configured to:
determine the prediction jerk by differentiating a location
of the ego vehicle at each of the start time and the end
time three times in the interval between the start time
and the end time.
4. The apparatus of claim 3, wherein the jerk calculator is
configured to:
define the location of the ego vehicle at each of the start
time and the end time in the interval between the start
time and the end time using an Equation below,

[Equation]

x(1) = ZS: att

k=0

where x(t) denotes a location of the ego vehicle at a time
t and a, denotes a coeflicient.

5. The apparatus of claim 4, wherein the jerk calculator is
configured to:

define a first location, a first velocity, and a first accel-

eration of the ego vehicle at the start time and a second
location, a second velocity, and a second acceleration
of the ego vehicle at the end time using the Equation
above.

6. The apparatus of claim 5, wherein the first location, the
second velocity, and the second acceleration of the ego
vehicle have a value of “0”.

7. The apparatus of claim 6, wherein the jerk calculator is
configured to:

determine each coefficient of the Equation above using

the first location, the first velocity, and the first accel-
eration of the ego vehicle at the start time and the
second location, the second velocity, and the second
acceleration of the ego vehicle at the end time.

8. The apparatus of claim 7, wherein the jerk calculator is
configured to:

determine the second location, the second velocity, and

the second acceleration of the ego vehicle at the end
time using a location, velocity, and acceleration based
on a driving state of the preceding vehicle at the start
time.

9. The apparatus of claim 8, wherein the jerk calculator is
configured to:

determine an end time when the prediction jerk is “0”,

using an Equation below when the preceding vehicle is

a driving state at the end time,
X D=xpT+Ysa,T° [Equation]

where T denotes an end point, x(T) denotes a location of the
ego vehicle at the end time, x, denotes a location of the
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preceding vehicle at the start time, v, denotes a velocity of
the preceding vehicle at the start time, and a, denotes an
acceleration of the preceding vehicle at the start time.
10. The apparatus of claim 8, wherein the jerk calculator
is configured to:
determine an end time when the prediction jerk is “07,
using an Equation below when the preceding vehicle is
a stop state at the end time,

vi
x(T) =x; _(Z_a,]

where T denotes an end point, x(T) denotes a location of
the ego vehicle at the end time, X, denotes a location of
the preceding vehicle at the start time, v, denotes a
velocity of the preceding vehicle at the start time, and
a, denotes an acceleration of the preceding vehicle at
the start time.

11. The apparatus of claim 2, wherein the jerk calculator

is configured to:

determine a sum of squares of the prediction jerk at each
of the start time and the end time in the interval
between the start time and the end time as the minimum
prediction jerk.

12. The apparatus of claim 2, wherein the determiner is

configured to:

when the minimum prediction jerk in the interval between
the start time and the end time is greater than the
permission jerk of the driver, determine the careless
driving state here is no separate driving operation by
the driver.

13. The apparatus of claim 1, wherein the jerk calculator

is configured to:

determine the permission jerk of the driver using an
increasing velocity distribution of master cylinder pres-
sure (MCP) when a brake of the ego vehicle is config-
ured to be operated in a state where a jerk is “0”.

14. The apparatus of claim 1, further including:

a sensor configured to obtain the location, velocity, and
acceleration information of the ego vehicle and the
location, velocity, and acceleration information of the
preceding vehicle.

15. The apparatus of claim 1, further including:

a communicator configured to receive the location, veloc-
ity, and acceleration information of the preceding
vehicle through vehicle-to-vehicle (V2V) communica-
tion with the preceding vehicle.

16. An apparatus for determining a driving state, the

apparatus comprising:

a jerk calculator configured to determine a minimum
prediction jerk generated in an interval until an ego
vehicle arrives at a location of a preceding vehicle,
using location, velocity, and acceleration information
of the ego vehicle at a current time and location,

[Equation]
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velocity, and acceleration information of the preceding
vehicle and determine a permission jerk of a driver of
the ego vehicle;

a determiner configured to determine whether the mini-
mum prediction jerk determined in the interval is
greater than the permission jerk of the driver and
determine a careless driving state based on a driving
operation state of the driver when the minimum pre-
diction jerk is greater than the permission jerk of the
driver; and

a signal processor configured to output an alert when it is
determined as the careless driving state and transmit a
message including information about the careless driv-
ing state to a collision control system in the ego vehicle.

17. A method for determining a driving state, the method

comprising:

obtaining location, velocity, and acceleration information
of an ego vehicle at a current time and location,
velocity, and acceleration information of a preceding
vehicle;

determining a minimum prediction jerk generated in an
interval until the ego vehicle arrives at a location of the
preceding vehicle, using the location, velocity, and
acceleration information of the ego vehicle at the
current time and the location, velocity, and acceleration
information of the preceding vehicle and determining a
permission jerk of a driver of the ego vehicle;

determining whether the minimum prediction jerk deter-
mined in the interval is greater than the permission jerk
of the driver and determine a careless driving state
based on a driving operation state of the driver when
the minimum prediction jerk is greater than the per-
mission jerk of the driver; and

outputting an alert, when it is configured to be determined
the careless driving state.

18. The method of claim 17, wherein the determining of

the minimum prediction jerk includes:

defining the current time as a start time;

defining a time when the ego vehicle is configured to be
stopped before colliding with the preceding vehicle as
an end time; and

determining a prediction jerk at each of the start time and
the end time in an interval between the start time and
the end time.

19. The method of claim 18, wherein the determining of

the minimum prediction jerk includes:

determining the prediction jerk by differentiating a loca-
tion of the ego vehicle at each of the start time and the
end time three times in the interval between the start
time and the end time.

20. The method of claim 18, wherein the determining of

the minimum prediction jerk includes:

determining a sum of squares of the prediction jerk at each
of the start time and the end time in the interval
between the start time and the end time as the minimum
prediction jerk.



